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NOTE

Effect of Collision Efficiency on the Evolution of the Surface
of Diffusion-Limited Deposits

DEPOSITION ALGORITHM

The effect of the collision efficiency of particles deposited onto a
rough substrate and the evolution of the deposit profile were inves- The treatment of long-range transport of particles was based on the sau
tigated using 2D on-lattice Monte Carlo simulations. The case of a  ONCepts as in the model employed by Veerapaneni and Wiesner (7). Brief
diffusive long-range transport regime as representative of the col- thPT particles were released one by one at a release line p05|t_|oned 20 "?‘Ft
loidal deposition from the suspended phase was considered. The units above the highest particle in the dep95|t at a random honzontal positic
initial profile of the substrate was modeled as a sinusoidal wave. The along the substrate. Upon release, the particles followed a biased random wz

L - I . i.e., the probabilities for the particle to move in eight possible directions wer
decay of the initial profile in the course of deposition was monitored sampled from the nonuniform probability distribution determined by a force

by a decrease in the_ I_:ourier amplitude A,, corresponding to the  pajance onthe particle. A pseudo-Peclet number was used to estimate the rela
wavelength of the initial roughness. The best “memory” of the de-  importance of diffusive and deterministic forces acting on a particle,
posit, i.e., the slowest decay of A, was found to correspond to inter-

X L. .. Vg + Vot
mediate values (~0.1) of the collision efficiency.  © 2001 Academic Press Npe = % 1]
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roughness; roughness evolution. whereVy, Vpt, andVy are particle velocities due to gravity, permeate flow, and

diffusion, correspondingly. Periodic boundary conditions were established in t

horizontal direction and the width of the lattice was chosen to be much bigge

than a characteristic lateral size of biggest deposit substructures to minimize

INTRODUCTION influence of boundaries. The simulation workspace was a squarex1Q000
lattice.

There is a growing evidence that the morphology of colloidal deposits canThe CQllISIOﬂ efficiencyr was used to model the propensity of particles in
be predicted from properties of particles with respect to transport to the surf&4PENSsion to attach to the deposit upon contact. Therefore, attachment follov
and by close-range chemical particle—particle and particle—surface interactir§auence Of_ pOSS|b_Ie contactevents. The attachmentwgs aII_cmmdesnes
(1, 2). Yet another factor that may be important for and, in some cases, ha/¥'y -€- the sites which were nearest neighbors of occupied sites. In the mod.
dominantinfluence on the morphology of deposits is the profile of the underlyif'il&;tachlng particles do not char_]ge the arrangement of already c_ie_posned pa_rtlc
substrate onto which the deposition occurs. The “memory” of a depositing lay&}d: ONce attached, are considered to be permanently and rigidly depositec
with respect to the substrate has important implications for applications sd?:ﬂther_ resuspensmlj r}or roI'Ilng 'follows. .
as membrane production and thin layer deposition as well as for controlling!” tiS Work, a collision which did not result in attachment was followed by
undesirable deposition on rough surfaces, colloidal fouling of membranes, achmerlt of the particle in a direction dgtermlned by the local structure
scaling in water pipes. the deposit and a force balance on the particle. In the model, detachment ol

A considerable amount of research aimed at understanding the growth gﬁgve sites, onto sites occupied by deposited particles, and onto “obstructe

resulting microstructure of films produced during chemical vapor deposition LS Was forbidden. An*obstructed” site was a site that would only be accessit

been carried out recently (3-5). Singh and Shagfeh developed a model (3) HyaQassing through two diagonally adjacent;ites. For“the rest of the”Iattigg sit
includes surface reemission in the study of the evolution of rough surfaces3filable for a particle to move to from the site of the “unsuccessful” collision
low-pressure chemical vapor deposition. They studied the microstructure dhg probability distribution was calculated from thg force balance,. which wa
ballistically deposited (Knudsen numbgr1) film formed at different values 2SSUmed to be the same as for the free particle in the suspension. After
of collision efficiencyx and showed that two different mechanisms—cusp angetachment, the particle was allowed to continue its biased random walk un

keyhole formation—caused the decay of surface roughness f@ anda->1 1€ Ee);t ﬁolll_smn. , . ) _
limits, correspondingly. At the critical value of collision efficiengy= 0.45, a The following assumptions were made in the model: (a) monodisperse st

transition between these two mechanisms was observed. pension, (b) spherical particles, (c) no restructuring (here, restructuring mea

The changes in deposit morphology induced by variations in collision eff?—nly brea_kup and cpmpactlon of t'he F‘ePOS't under the influence of extern
ciency differ from those induced by changes in long-range transport. In the fg')_rces or 't,s own We'ght)_' and (d) simplistic attachment—detachmt_:—znt rules.
mer case, a decreasediresults in a thickening of the deposit branches, which The profile of the starting surface was represented by the function
is in sharp contrast with the latter case where an increasingly ballistic character 2

o ) ) ) ) TNy .

of deposition leads to formation of an increasingly dense web-like structure, A = An co§< o |>, [2]
more homogeneously distributed in space (6). This consideration has motivated
the study presented here in which Monte Carlo simulations of diffusion-limiteghere
deposition from a monodisperse suspension of particles of variable cohesiveness
onto a rough substrate were performed. The influence of collision efficiency on4; is amplitude of the substrate roughness attthication along the substrate
the decay of the initial roughness in the course of deposition was studied. (in units of particle diameters),
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L’ =L + 2, whereL is length of the substrate (in units of particle diameters),
and 2 was needed to impose boundary conditions,

| is location along the substrate= 1, 2,..., L"), s

Am is maximum amplitude of the substrate roughness (in units of particle
diameters), and

ny is number of waves in the substrate profile of lenigth

y, Dacay height

h_deca

RESULTS AND DISCUSSION

All the simulations used the parametépe = 4 x 1073, dp/Am = 1072,
nw/L = 4/1000, wheretd,, is particle diameter. The deposit profiles, i.e., con- .
tours of the upper surface of deposits, were recorded 100 times in the course ofa  om 01 1

simulation run. Fourier transform spectra were calculated for each of the profiles ct, Collision Efficiency

using thefft function from the MATLAB Signal Processing Toolboikt(x) re-

turns the discrete Fourier transform of the veatoomputed, in our case, with a FIG. 2. Decay height as a function of collision efficieney
mixed-radix fast Fourier transform algorithm (8). The Oth frequency component

was subtracted from all the spectra. We considekgdo be indicative of the SUMMARY AND CONCLUSIONS

deposit’s “memory” of the substrate morphology.

Five runs of the deposition program were done for each of the following eightKnowledge of effects of long-range transport and collision efficiency of de
values of collision efficiency: 0.01, 0.03, 0.05, 0.07, 0.10, 0.20, 0.50, 1.00positing particles on the connection between profile of the initial surface ar
The dependence of the Fourier amplitusigon the deposit height is shown in morphology of the deposited layer can provide better understanding and cont
Fig. 1. The values were normalized by the initial valuégf which corresponds over many natural and engineered processes involving deposition.
to the substrate with no deposit on it. Each of these curves were fit with anin the case of diffusively depositing particles studied here, it was found th:
exponential functior,, = e ¥Hd, whereHy is the height of the deposit, alkd the slowest decay of a Fourier component correspondent to the roughness
is the decay coefficient. A logarithmic fit was used to approximate the functiofitial substrate is achieved at intermediate valueagf (~0.1) of collision
From these fits the values of the decay coefficlert sk were found, where efficiency. Lower values ofopt are expected for loweNpe values, i.e., for
sk corresponds to a 95% confidence interval. We chose the value reciprocaitgiore diffusive long-range transport regime. This result suggests that the
K, hgecay i.€., the height at whicl, decreases by a factor ef= 2.727, to is a possible advantage in forming films or other deposited layers with eith
represent how well the deposits preserved the initial profile of the substrate. W&&y Stable or unstable particles when the goal is to mask irregularities of t!
dependence dfigecay ON the collision efficiency of particles is represented irpubstrate. In contrast, when it is desirable to maintain the form of the substra

Fig. 2. the depositing layer should be formed from particles of intermediate stability.
As can be seen, the deposits formed from particles with intermediate values of
collision efficiencyaqpt= 0.1 have the best “memory” for the substrate. As ex- ACKNOWLEDGMENTS
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